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Experimental Section
Scheme S1: Synthetic route to macrocycles 7a-c; conditions: i) 1,3-dibromopropane, 120 °C, 95 %; ii) K3Fe(CN)6, NaOH, -10 °C, 41 %; iii) POCl3, PCl5, reflux, 82 %; iv) H2SO4, HNO3, KBr, 80 °C, 88 %; v) TBAB, Na2S2O4, H2O/THF, alkyl bromide, KOH, 40 °C, 60 -70 %; vi) bis(cycloocta-(1,5)-diene)nickel(0), cycloocta-(1,5)-diene, 2,2'-bipyridine, toluene/DMF, 60 °C, 15 -20 %. [1] 5.00 g (27.75 mmol) 1,10-phenanthroline were dissolved in 25.51 g (123.82 mmol) of 1,3-dibromopropane and heated to 120 °C for 4 h. The yellow precipitate was dissolved in water and washed three times with DCM in order to remove residues of the starting compounds. The aqueous phase was evaporated under reduced pressure to yield 10.02 g (26.36 mmol) of a yellow powder in 95 %. 2 was used for the next step without further purification. [1] 70.82 g (210.78 mmol) of potassium ferricyanide and 32.35 g (0.79 mol) of sodium hydroxide were mixed with 120.0 ml of H2O after what the resulting red-brown suspension was cooled to 0 °C. 9.00 g (23.55 mmol) of 2 suspended in 80.0 ml of water were added drop-wise under continuous stirring keeping the temperature of the mixture below 5 °C. After 2 h, the reaction mixture was carefully neutralized with concentrated hydrochloric acid and the resulting precipitate was collected. The aqueous phase was removed under reduced pressure. The inorganic residue was extracted with THF for 72 h to yield in total 2.44 g (9.66 mmol) of 3 as a yellow powder in 41 %. 2,9-Dichloro-1,10-phenanthroline (4) [1] 1.50 g (5.95 mmol) of 3 and 2.65 g (12. 73 mmol) of phosphorus pentachloride were dispersed in 18.0 ml of phosphoryl chloride. The turbid mixture was heated to reflux for 8 h to yield a brown solution. After cooling, the reaction mixture was slowly added to 150.0 ml of an acidified ice/water mixture. After complete hydrolysis, the aqueous phase was brought to pH = 14 by slow addition of NaOH. 2,9-Dichloro-1,10-phenanthrolin-5,6-dione (5) [2] 1.00 g (5.85 mmol) of 4 and 4.77 g (40.08 mmol) of potassium bromide were mixed and cooled in a flask with gas outlet to -5 °C. 14.0 ml of concentrated H2SO4 were added slowly always keeping the temperature of the mixture below 0 °C. To the orange viscous mixture were slowly added 7.0 ml of concentrated nitric acid. Subsequently, the reaction mixture was heated to 80 °C for 3 h. Bromine vapours were passed through a 10 % solution of sodium thiosulfate. After cooling, the reaction mixture was added to 200.0 ml of an ice/water mixture and stirred for 2 h at room temperature. The yellow-orange precipitate was collected and washed with H2O and treated with an aqueous solution of sodium thiosulfate. 
6,7-Dihydro-5H-[1,4]diazepino[1,2,3,4-lmn][1,10]phenan-throline-4,8-diium dibromide (2)
2,9-Dichloro-5,6-bis(dodecyloxy)-1,10-phenanthroline (6b)
To a mixture of 10.0 ml water and 10.0 ml THF 1.00 g (3.61 mmol) of 5, 0.75 g (2.33 mmol) tetra-n-butylammonium bromide and 3.77 g (21.66 mmol) sodium dithionite were added. 
5,6-Bis(dodecyloxy)-1,10-phenanthroline (9)
To a mixture of 13.0 ml water and 13.0 ml THF 0.50 g (2.38 mmol) of 1,10-phenanthroline- 
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Proposed Reaction Mechanism during Formation of the Cyclo-2,9-tris-1,10-phenanthroline Macrocycle
The proposed mechanism towards the formation of the cyclo-2,9-tris-1,10-phenanthroline system relies on the fundamental reaction steps of organometallic chemistry and is shown in Scheme S2. [3, 4] The activation of the zerovalent nickel catalyst bis(cyclooctadiene)nickel(0) (Ni(COD)2) is achieved via the replacement of one 1,5-cyclooctadiene (COD) ligand by the auxiliary ligand 2,2'-bipyridine (bipy). In the next step, oxidative addition of the 1,10-phenanthroline unit (E)
to the activated complex C-I results in the insertion of the nickel atom into the carbonchlorine bond leading to the formation of Ni(II) complex C-II. [5] [6] [7] Two of these species disproportionate to yield the complex C-III in which the two aryl units are already brought into close proximity. [6] The formation of complex C-IV in stoichiometric amounts is the reason for 
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Computational Methods
A simplified version of the series of ligands 7a-c was chosen for which the alkoxy side chains were replaced by R = CH3, denoted 7d hereafter. Complexes between the 7d ligand and the metal guests Na + , Ag + , Pb 2+ and Zn 2+ , were also computationally modelled. The geometries of the native ligands as well as that of the metallic complexes were optimised at the DFT level, with the BP86 functional [8, 9] and the def2-TZVP basis set expansion. [10] All the optimised structures present real vibrational frequencies, confirming that they correspond to true minima of the potential energy surface (PES). Geometry optimisation as well as vibrational analysis were performed with TURBOMOLE 6.2 package of programs. [11] An Extended Transition State (ETS) [12] [13] [14] energy decomposition analysis combined with the Natural Orbitals for Chemical Valence (NOCV) [15] [16] [17] [18] method has been used to gain insight into the bonding situation between the ligand 7d and the different metallic centres. The ETS scheme considers the molecule AB to be formed by the interaction between two fragments A and B. Then, it decomposes the interaction energy int ΔE into chemically meaningful quantities:
Thus, the interaction energy is the difference between the energy of the complex and the energies of each fragment at their respective optimal geometry and electronic state. The first term of the partition scheme, the preparation energy ( This gives rise to two possibilities: i) all three dihedrals have the same sign, forming a structure of C3 symmetry, or ii) a dihedral has a different sign from that of the two others, lowering the symmetry to C2 (Fig. S32) . The C3-structure is somewhat more planar (θNCCN = 18.9º) than the C2-one (θNCCN = -26.7 and 21.3º), but the size of the cavity is rather similar for 
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The C2 ligand is slightly more stable, lying 1 kcal mol -1 lower in energy than the C3 confomer.
More importantly, however, is the different number of isomers of each structure, or degeneracy. With three NCCN dihedrals, there are three different possible combinations of one positive and two negative (or two negative and one positive) NCCN dihedrals. However, there is only one possible combination having three positive (or three negative) dihedrals.
Therefore, the C2-structure has a degeneracy that is three times larger than the C3 confomer.
Indeed, according to a Boltzmann distribution, the former isomer should be present in 94 % at 298 K given the energy and degeneracy differences accounted for. Interestingly, such an alternation of the sign of the dihedral angle has been already reported in the X-ray crystal structures of related torands. [19] 
Geometrical Distortion of the Ligand upon Guest Inclusion
The results from MALDI-TOF spectrometry divide the guest cations investigated in this work in three groups: i) Na + , ii) Ag + and Cu 2+ , forming 1:1 adducts, and iii) Pb 2+ , Cd 2+ and Zn 2+ , with counterions participating in the complex formation. To better understand the different bonding schemes of each group, a representative cation of each of them, namely: Na + , Ag + and Zn 2+ , has been chosen. From the last group, Pb 2+ is additionally considered, as it is not a transition metal and can display different bonding schemes.
The adduct formed upon chelation with Na + , Ag + and Pb 2+ preserve the C2 symmetry of the native ligand, with the guest staying in the center of the cavity. Indeed, chelation produces little geometrical distortion on the cyclic ligand (Table S1 ). When comparing the geometry of the native macrocycle to the one of these three complexes it is found that they overlap rather well (compare Fig. S33a ).The root mean square deviation (RSMD) for the overlaid structures of the adducts with Na + , Ag + and Pb 2+ onto the geometry of the bare ligand yields values of 0.050, 0.0778 and 0.1038 Å, respectively. Table S1 : Comparison of the two N-N distances (in Å) defining the size of the cavity within the macrocycle and the CNNC dihedrals (in º) responsible for the non-planarity of the ligand. ), whose geometries can be considered as practically equivalent (see Fig. S34 ). Table S2 summarizes the most relevant geometrical parameters of the three different isomers, and compares them to the structure of the native ligand. The net effect of the complexation with Zn 2+ is a closing of the cavity and larger planarity of the ligand. Table S2 : Geometrical parameters for three conformers of the 7d-Zn adduct, corresponding to the colors yellow (1), blue (2) and red (3) of Figure S34 . 
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d(N-N) d'(N-N) d''(N-N) θNCCN θ'NCCN θ''NCCN dmax(M-N) dmin(M-N) d'min(M-N)
Analysis of the Metal-Ligand Bond
On each four complexes, an ETS-NOCV energy decomposition analysis has been performed in order to get better insight into the bonding state between the cationic guest and the ligand. Table S3 summarizes the results of the decomposition analysis, each individual case being discussed thereupon. 7d-Na Table S3 shows that for this system the interaction between metal and ligand is basically electrostatic, 72% of total bonding interactions. The remaining 28% corresponds to orbital interactions. The deformation matrix associated has been decomposed and its main and predominant component is depicted in Fig. S35 . This figure (as well as the related figures hereafter) makes use of the following color code: Red lobes correspond to regions where the electronic density decreases and blue ones, where it increases. Hence, Figure S35 illustrates a charge donation from all nitrogen lone pairs to the metal. This is mainly associated to a
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polarization of the electronic density of the ligand instead of a real covalent bond between ligand and metal. Consequently, for this instance, the bond is mainly due to electrostatic interactions, which are further stabilized by a polarization of the electronic density of the ligand. 
7d-Ag
In comparison to Na . Summing up, the greater ligand-metal interaction energy of 7d-Ag presents a greater ligand-metal interaction energy than 7d-Na due to the formation of a covalent bond, σ(N) → 5s(Ag). This is possible thanks to the accessible empty s orbitals of Ag + .
-21 kcal mol Below each orbital is shown the associated stabilization energy.
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7d-Pb
The Eelec term is ca. 100 kcal mol -1 larger than for previous metals. This is to be expected as . This is the case since for 7d-Pb there are not one but two charge transfers from the nitrogen lone pairs to the two empty 6p orbitals of Pb 2+ contained in the plane of the ligand (see Fig. S37 ). This two σ(N) → 6p(Ag) donations, amounting to 74 kcal mol -1 in total, account for most of the increase of the covalent component of the ligand-metal bond. The ETS-NOCV analysis shows that the ligand 7d binds to Pb 2+ more strongly than to Na + and Ag + due to i) a stronger electrostatic interaction arising from the larger charge of the cation which are complemented by ii) stronger covalent interactions arising from two σ(N) → 6p(Ag) charge donations.
-37 kcal mol Below each orbital is shown the associated stabilization energy.
7d-Zn
Again, this metal presents an ionic component being ca. 100 kcal mol -1 larger than that for monocationic metal species. The covalent component undergoes still a larger increase. The interactions between guest and ligand of the 7d-Zn complex have the highest degree of covalency for the series studied. Figure S38 represents the dominant natural orbitals into which the deformation density matrix can be decomposed.
According to this figure, the main component of the covalent bonding corresponds to a charge transfer σ(N) → 3s(Zn), amounting for 71 kcal mol -1 . This charge transfer is significantly larger than the equivalent one found in 7d-Ag (amounting for 21 kcal mol -1 ).
Indeed, the shorter M-N distances in the Zn 2+ adduct renders possible a better orbital overlap
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between metal and ligand. Additionally, there are some additional charge transfers from the ligand to the metal representing some π component of the bonding. Further N-Zn bonds, where the p orbitals of Zn 2+ are involved, can be also recognized.
-71 kcal mol Below each orbital is shown the associated stabilization energy.
In summary, the small size of the Zn 2+ cation allows it to leave the center of the cavity and approach specific nitrogen atoms of the ligand cavity. This yields an effective overlap between the orbitals of metal and ligand and the strongest covalent bonds of the investigated series. The large charge of the cation and the proximity to the ligand produces also to the strongest electrostatic interactions between metal and ligand. However, for this complex the covalent component is very important and accounts for half of the attractive interactions of the bond.
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Scanning Tunneling Microscopy
STM experiments were carried out using a PicoSPM (Agilent) operating in the constantcurrent mode with the tip immersed in the supernatant liquid at room temperature. STM tips were prepared by mechanical cutting from Pt/Ir wire (80%/20%, diameter 0.2 mm). Prior to imaging, compound 7b was dissolved (concentration = 5.5 · 10 -4 M) in 1-phenyloctane (Aldrich, 98%) and a drop of this solution was applied onto a freshly cleaved surface of highly oriented pyrolytic graphite (HOPG, grade ZYB, Advanced Ceramics Inc., Cleveland, USA).
For analysis purposes, recording of a monolayer image was followed by imaging the graphite substrate underneath it under the same experimental conditions, except for lowering the bias. The images were corrected for drift via Scanning Probe Image Processor (SPIP) software (Image Metrology ApS), using the recorded graphite images for calibration purposes, allowing a more accurate unit cell determination. The imaging parameters are indicated in the figure caption: tunneling current (It), and sample bias (Vt). S45
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